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Abstract 

Estragole is a volatile terpenoid, which occurs naturally as a constituent of the essential oils of many plants. It has several 
pharmacological and biological activities. The objective of the present study was to investigate the mechanism of action of 
estragole on neuronal excitability. Intact and dissociated dorsal root ganglion neurons of rats were used to record action 
potential and Na"^ currents with intracellular and patch-clamp techniques, respectively. Estragole blocked the generation of 
action potentials in cells with or without inflexions on their descendant (repolarization) phase (Ninf and No neurons, respectively) 
in a concentration-dependent manner. The resting potentials and input resistances of Nipf and No cells were not altered by 
estragole (2, 4, and 6 mM). Estragole also inhibited total Na"^ current and tetrodotoxin-resistant Na"^ current in a 
concentration-dependent manner (IC50 of 3.2 and 3.6 mM, respectively). Kinetic analysis of Na"^ current in the presence of 
4 mM estragole showed a statistically significant reduction of fast and slow inactivation time constants, indicating an 
acceleration of the inactivation process. These data demonstrate that estragole blocks neuronal excitability by direct inhibition 
of Na"^ channel conductance activation. This action of estragole is likely to be relevant to the understanding of the mechanisms 
of several pharmacological effects of this substance. 
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Introduction 

Estragole is a constituent of essential oils of many 
plants such as Ravensara anisata, Ocimum basilicum, 
and Croton zehntneri. These plants are widely used in folk 
medicine and popular cooking (1,2). Their essential oils 
are extensively employed in aromatherapy (3). Estragole 
is also used as a flavoring agent in pharmaceutical, 
cosmetic, and food industries (4,5) and as an antimicro- 
bial for food preservation (6). 

Estragole has many biological effects, including 
antioxidant and antimicrobial activities (7,8). Its pharma- 
cological activities are reported to be anxiolytic (9), to 
induce contraction of skeletal muscle (10), and to relax 
ileal and other vascular smooth muscles (11,12). In 
addition to these activities, estragole has been shown to 
have an anti-inflammatory activity (13), which is pharma- 
cologically potent (3-30 mg/kg per os) and is effective at 
oral doses smaller than those considered toxic (LD50 
values of 1200 and 1800 mg/kg for rats and 1250 mg/kg 
for mice) (14). In this connection it is interesting that its 



analogues, anethole and eugenol, block the effects of 
tumor necrosis factor-a, which is a well-known proin- 
flammatory cytokine (15). 

Using an extracellular recording technique, we 
demonstrated that estragole blocks the excitability of rat 
sciatic nerve (16). However, the mechanism underlying 
this effect is unknown, and understanding how estragole 
affects excitable membranes may explain the mechanism 
of action of other pharmacological activities induced by 
this essential oil constituent. 

Estragole is a phenylpropanoid, and some substances 
of this class are local anesthetics: they block excitability 
predominantly through direct inhibitory effects on Na"^ 
channel conductance activation (17-20). For this reason, 
we hypothesized that estragole blocks excitability through 
a local anesthetic-like activity. To test this hypothesis we 
examined action potential (AP) generation and inward 
Na"^ currents in intact and isolated neurons derived from 
dorsal root ganglia (DRG). Our results revealed that 
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estragole blocks the generation of AP in DRG neurons by 
a direct inhibition of voltage-gated activation of Na"^ 
channel conductance. Thus, estragole appears to pos- 
sess potent local anesthetic activity. 

Material and Methods 

Animals, tissue dissection, and cell preparation 

Wistar rats (250-350 g) of both sexes were used 
throughout the study. They were maintained at constant 
temperature (22±2°C) with a 12:12-h light-dark cycle and 
free access to food and water. All animals were cared for 
in compliance with the Guide for the Care and Use of 
Laboratory Animals, published by the United States 
National Institutes of Health (NIH Publication 27-89, 
revised 1996). All procedures were approved by the 
animal Ethics Committee of Universidade Estadual do 
Ceara (CEUA-UECE process #06379067-0). 

After rats were killed by CO2 inhalation, DRG were 
dissected and immediately placed in an ice-cold modified 
Locke's solution. For intracellular recordings, intact 
tissues were used on the same day of dissection. For 
patch-clamp recording, dissociated DRG neurons were 
prepared as described previously (21). Briefly, DRG were 
placed in Ca^"^- and Mg^"^-free Hanks' balanced salt 
solutions, then placed in a dissociation solution, which 
consisted of 1 .0 mg/mL collagenase type I, for 75 min and 
in 2.5 mg/mL trypsin for 15 min, both in Hanks' balanced 
salt solutions at 37°C. After they were Incubated in the 
dissociation solutions, the cells were freed from the 
tissue by gently titrating the DRG using a fire-polished 
Pasteur pipette and transferred to Dulbecco's modified 
Eagle's medium containing 10% fetal bovine serum, 
100 U/mL streptomycin, and 0.1 mg/mL penicillin, and 
then plated onto coverslips coated with 0.01% poly-D- 
lysine. The neurons were incubated in a 5% CO2 
atmosphere at 37°C and used within 6-48 h. All electro- 
physiological experiments were performed at room 
temperature (~22°C). 

Solutions and drugs 

The composition of modified Locke's solution was: 
140 mM NaCI, 5.6 mM KCI, 1.2 mM MgCb, 2.2 mM 
CaCl2, 10 mM glucose, and 10 mM Tris-(hydroxymethyl- 
aminomethane). Hanks' balanced salt solution used in the 
dissociation protocol had the following composition: 
137.93 mM NaCI, 5.33 mM KCI, 0.44 mM KH2PO4, 
4.0 mM NaHC03, 0.3 mM Na2HP04, and 5.6 mM glu- 
cose. For patch-clamp recording, the composition of the 
bath solution was: 140 mM NaCI, 5.0 mM KCI, 1.8 mM 
CaCl2, 0.5 mM MgCb, 5.0 mM HEPES, and 5.0 mM 
glucose. To study the Na"^ current in dissociated DRG 
neurons we used an external solution with the following 
composition: 40 mM NaCI, 70 mM choline chloride, 
3.0 mM KCI, 1.0 mM CaCl2, 1.0 mM MgCl2, 20 mM 
tetraethylammonium chloride, 0.1 mM CdCl2, 10 mM 



HEPES, and 10 mM glucose. The pH of all solutions 
was adjusted to 7.4 with HCI, except for the modified 
external solution, which was adjusted with tetraethylam- 
monium hydroxide. The internal solution contained 
10 mM NaCI, 100 mM CsCI, 10 mM HEPES, 11 mM 
ethylene glycol tetraacetic acid, 10 mM tetraethylammo- 
nium chloride, and 5.0 mM MgCl2, and the pH was 
adjusted to 7.2 with CsOH. In some patch-clamp 
experiments, we added 300 nM tetrodotoxin (TTX) to 
the modified external solution in order to block the TTX- 
sensitive (TTX-S) component of the Na'*' current. The 
Na"^ current remaining in the presence of TTX was 
designated TTX-resistant (TTX-R). We used neurons of 
different sizes to investigate the effects of estragole on 
total and TTX-R Na"^ currents. To improve the quality of 
voltage clamp and data acquired, we chose to lower the 
extracellular Na"^ concentration in the external solution to 
reduce the electrochemical gradient and effectively 
decrease Na"^ current amplitudes. Thus, we used choline 
as a nonpermeate monovalent cation in partial substitu- 
tion of external Na"^. Cs"^ and tetraethylammonium were 
used to block K"^ channels, and Cd^"^ was used to block 
Ca^"^ channels. 

Estragole was dissolved in dimethylsulfoxide (DMSO), 
and stock solutions were prepared daily. Stock solutions 
were added to the modified Locke's solution for intracel- 
lular recording and to modified external solutions for 
patch-clamp recording so as to provide a desired 
concentration of estragole with a final concentration of 
DMSO always lower than 0.2% (v/v). At this concentration 
DMSO did not alter any measurable electrophysiological 
parameters. 

Estragole concentrations used for intracellular and 
patch-clamp recordings were 1-6 and 0.6-14 mM, respec- 
tively. All salts and drugs were purchased from Sigma 
Chemical (USA) or Reagen (Brazil) and were of analytical 
grade. 

Electrophysiological measurements and analysis 

Intracellular recordings. DRG were fixed to the floor of 
an acrylic chamber specially designed to permit 
superfusion with modified Locke's solution. The 
superfusion was maintained by a gravity flux and 
adjusted to 1.0-1.5 mL/min. The chamber was placed on 
a magnifying glass (model College Stereo, MLW Informed, 
Germany), and the electrode movement and impalement 
were performed by a hydraulic micromanipulator (model 
MWO-3, Narishige International Inc., USA). Reservoirs 
containing control and drug solution were connected to the 
chamber by three-way valves that could rapidly switch 
between the main reservoir and test solutions. After 
impalement, cells were followed for 3-5 min to allow the 
stabilization of neuronal membrane properties. Neurons 
were exposed for up to 5 min to a given estragole 
concentration or until it blocked AP. Subsequently, a 
washout period began by switching to drug-free solutions. 
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Intracellular recordings were made with thin-walled 
borosilicate glass microelectrodes (1.0 mm OD, 0.5 mm 
ID, WPI Corp., USA) filled with a S.O-iVl KCI solution. 
These microelectrodes were pulled with a micropipette 
puller (P-97 micropipette puller model, Sutter Instruments, 
USA) and had resistance ranging from 40 to 100 MQ. 
Pipettes were connected via an Ag-AgCI wire to an 
Axoclamp-2B amplifier (Axon Instruments, USA). 

Neurons were considered to be acceptable for study 
when they stabilized with resting potential (E^) more 
negative than -50 mV and with input resistance (Rjn) 
larger than 10 MQ for 3-5 min after impalement. Voltage 
response and APs were elicited in response to depolariz- 
ing current pulses, which were 20-25% above the AP 
threshold. The recording was performed in bridge mode 
(bandwidth filter at 30 kHz) and in discontinuous 
(switched; —1.5 kHz) current injection mode. Headstage 
(unsampled) voltage was continuously monitored to 
ensure that it settled completely prior to sampling. 
Current and voltage outputs were sampled at 20 kHz, 
and data acquisition and storage were performed using 
computer acquisition hardware (Digidata 1200 model. 
Molecular Devices, USA). 

The electrophysiological measurements were Em, Rin, 
and AP parameters: amplitude, duration, maximum rate of 
rise [ascendant, dV/dt(asc)]- and maximum rate of fall of 
AP [descendant inclinations, dV/dt(desc), the absolute 
value of the minimum value of negative dV/dt]. Rip was 
measured by means of Ohm's law (dividing the maximum 
voltage response due to hyperpolarizing current pulse) 
and AP amplitude by measuring the difference between 
maximum voltage amplitude in an AP and Em- AP duration 
was measured at 50% AP amplitude. 

Patch-clamp recordings 

Coverslips with dissociated DRG neurons were placed 
in a recording chamber on the stage of an inverted phase- 
contrast microscope (model Axiovert 200, Carl Zeiss Inc., 
USA) and perfused with bath solution. The perfusion 
system was composed of electronic valves (LFAA series. 
The Lee Co., USA) and a glass pipette located in the 
vicinity of the cell patch-clamped for recording the Na"^ 
current. 

The recording electrodes were pulled from thick- 
walled flint glass tubing with a micropipette puller (P-97 
micropipette puller model, Sutter Instruments) and had a 
resistance range of 1.5-3.0 MQ. Seal resistances were 
larger than 1 GQ and voltage-clamp recordings were 
made in whole-cell patch-clamp configuration using an 
Axopatch 200B amplifier (Axon Instruments) driven by a 
Clampex program (version 10.2). 

The neurons were voltage-clamped at -80 mV for all 
experimental manipulations. A 100-ms voltage step to 
0 mV, 0.2-Hz interval, was employed to elicit Na"^ 
currents. The experimental time points were: control, with 
external solution perfusion only (—30 s); drug exposure. 



with estragole-containing solution (120-150 s); and wash- 
out/recovery, back to test perfusion solution. Capacitance 
and leakage subtraction were performed using a P/6 
subtraction protocol. Series resistance compensation (70- 
90%) was routinely employed to reduce voltage error. The 
liquid junction potential was not corrected in this set of 
experiments. The current was sampled at 40 kHz and 
low-pass filtered at 2 kHz, and data acquisition and 
storage were performed using computer acquisition 
hardware (Digidata 1440A model. Axon Instruments). 

To assess current kinetics, we measured time-to-peak 
for activation and inactivation decay time constants. Time- 
to-peak was determined by the time elapsed from 
initiation of voltage pulse test to the peak of Na"^ current. 
Inactivation decay time constants were estimated by 
fitting the decay phase of current trace to a double- 
exponential function, denoted here as slow and fast 
inactivation time constants. 

Statistical analysis 

Data are reported as means ±SE with n indicating the 
number of experiments. The Student f-test was used for 
parametric data and the Mann-Whitney test for nonpara- 
metric data. The difference in percentage of neurons 
blocked by estragole in intracellular recordings was 
determined by a chi-square test. For all concentration- 
response curves, IC50 values (concentration that inhibited 
the effect to 50% of its maximal magnitude) were 
measured by Hill equation adjustment of data points. 
Data were considered to be significant when P<0.05. 

Results 

The effects of estragole on DRG neurons were studied 
on a total of 100 cells using intracellular recordings. Two 
different shapes of AP were observed (Figure 1A). Some 
neurons exhibited an inflexion or shoulder on the falling of 
repolarization phase of AP and were classified as Nipf; 
others did not (Figure 1 A, left traces) and were designated 
No (22,23). Previous studies demonstrated that the 
neurons here classified as Njnf generally correspond to 
nociceptors, while No were classified as non-nociceptors 
(22,24,25). The classification of a neuron as Ninf or Nq 
was based on the first derivative of the AP (inset panel in 
Figure 1A). The dV/dt of the neurons, after crossing a zero 
value corresponding to the peak of the AP, decreased to a 
minimum and then, for the No but not for the Njpf, 
increased monotonically toward zero. 

The number of No and Nipf cells was 56 and 44, 
respectively. All passive and AP parameters differed 
significantly between these two types of neurons (Table 1), 
except for rheobase (P>0.05, Mann-Whitney test) and 
for Em (P>0.05, Student f-test). 

Estragole possesses an inhibitory effect on AP 
generation, as seen in Figure 1. It blocked the AP for 
both No and Njnf groups of DRG neurons within minutes 
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Figure 1. Effects of estragole on action potential recorded in No and Njpf cells. Tracings in panel A show the effect of 4 mM estragole on 
action potentials; insets show first derivative of voltage responses. Pane/ 6 shows the percentage of neurons blocked by estragole (1.0- 
6.0 mM). The total number of cells was 8, 20, 20, and 8 for No, and 10, 15, 12, and 7 cells for Ninf, for each estragole concentration, 
respectively. Data are reported as means ±SE. *P<0.05, chi-square test. 



(up to 5 min at lower concentrations) and its effects were 
reversible after wash. Figure 1 B reports the percentage of 
No and Ninf neurons whose AP was blocl<ed by estragole 
exposure, and the percentage of neurons was signifi- 
cantly blocl<ed in a concentration-dependent manner 
(P<0.05, chi-square test). 

The Em and Rin values in No and Njpf neurons that 
underwent complete blockade of AP generation were 
measured in different concentrations of estragole (2- 
6 mM; Figure 2). Over a variable concentration range, 
estragole (2-6 mM) did not alter the (Figure 2A) and 
Rin (Figure 2B) of No and Ninf cells (P>0.05, Student 
f-test). 

AP inhibition in the absence of measurable alterations 
of Em and Rin suggests that estragole may have a direct 
effect on Na"^ channel conductance activation. In order to 
further elucidate an effect on Na"^ channel function, DRG 
neurons were dissociated and Na"^ currents were 
recorded with patch-clamp techniques. To ensure that 
we were dealing with currents produced selectively by 
Na"^, we performed pilot experiments where all Na"^ from 

Table 1. Electrophysiological properties of No and Njnf cells in 
dorsal root ganglia. 



Parameters 


No (n = 


56) 


Ninf(n = 


44) 


Resting potential (mV) 


-57.3 


± 


1.1 


-55.5 


± 


1.6 


Input resistance (MQ) 


17.6 


± 


1.4 


54.7 


± 


10.5* 


Rheobase (pA) 


1570.9 


db 


119.0 


1352.5 


± 


162.1 


dV/dt(3sc) (V/s) 


183.4 


± 


9.5 


112.8 


± 


10.2* 


dV/dt(desc) (V/s) 


116.4 


± 


6.3 


60.6 


± 


3.2* 


Amplitude (mV) 


74.5 


± 


1.7 


83.6 


± 


2.0* 


Duration (ms) 


1.0 


± 


0.1 


2.9 


± 


0.3* 



Data are reported as means ±SE for cells with (Ninf) or without 
(No) inflexions. dV/dt: maximum rate of rise or fall of action 
potential. *P<0.05, Student Mest for amplitude and Mann- 
Whitney test for resistance, ascendant (asc) and descendant 
(desc) inclinations and action potential duration. 



the external solution was replaced by choline. Under 
these conditions no current was observed (data not 
shown). 

Total Na"^ current (a mixture of TTX-S and TTX-R 
Na"^ currents) and TTX-R Na"^ currents were recorded in 
isolated DRG neurons. The neuronal capacitances in cells 
with total Na"^ current and TTX-R current were 63.7 ±3.2 
(n = 40) and 44.5±4.7 pF (n = 24), respectively. The 
current (kinetics was also different for the two types of 
Na"^ currents (Table 2). 

Estragole inhibited total and TTX-R Na"^ currents in a 
voltage- and concentration-dependent manner (Figure 3A). 
These effects were partially reversible upon wash (Figure 
38 and C). The time courses of Na"^ current inhibition 
developed within 150 s and were the same for both 
currents. The pharmacological potency was similar for 
total and TTX-R Na"^ currents: IC50 values were 3.2 ±0.6 
and 3. 6 ±1.1 mM, respectively. 

Because calculated IC50 values were similar for both 
currents (3.2 and 3.6 mM for total and TTX-R Na"^ 
currents), we next analyzed the actions of 4 mM estragole 
on kinetics parameters, time-to-peak, and inactivation time 
constants (Figure 4). There was a statistically significant 
reduction for the time-to-peak value of TTX-R Na"^ current 
(P<0.05, Student /-test), but no reduction was observed in 
total Na"^ current (Figure 4). Fast and slow inactivation 
time constants (Figure 4B and C) were reduced for both 
currents, indicating an acceleration of current inactivation 
in the presence of 4 mM estragole. For the slow-time 
constant, there were significant differences in total and 
TTX-R Na"^ currents following 4 mM estragole when 
compared with control (P<0.05, Student Mest). For the 
fast-time constant, statistical significance was found only 
for total Na"^ current (P<0.05, Student f-test). 

Discussion 

The main finding of the present research is that 
estragole blocks AP detonation and causes inhibition of 
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Figure 2. Effects of estragole on passive 
electrical properties of dorsal root ganglia neu- 
rons. Panels A and B report resting potential and 
input resistance, respectively, recorded in No and 
Njnf cells. At the estragole concentrations 
employed (2-6 mM), there were no significant 
differences between control and estragole treat- 
ment for either type of cells (P>0.05, Student t- 
test). Data are reported as means ±SE. The 
number of experiments was n = 6-12 and n = 4-7 
for No and Ninf, respectively. 



Estragole 



Estragole 



Na"^ channel conductance activation in DRG neurons. 
Both these effects were observed at similar pharmacolo- 
gical concentrations, suggesting that the blockade of 
voltage-dependent Na"^ current underlies the inhibition of 
AP generation. Our current results confirm our hypothesis 
for the mechanism of action of estragole-induced block- 
ade of neuronal excitability - namely, that this substance 
inhibits neuronal excitability by primary blockade of 
voltage-dependent activation of Na"^ channel conduc- 
tance. This mechanism is a novel and relevant finding. 
These results may be important for an understanding of 
the pharmacological effects of estragole and of the 
widespread use of this substance in industry, and as a 
constituent of several essential oils in aromatherapy. 

Besides the blockade of APs and Na"^ current, other 
aspects of estragole action on DRG neurons deserve 
consideration. At the concentrations that block AP and 
Na"^ currents, estragole produced no significant changes 
in Em and Rip (passive electrophysiological properties). 



Modifications in membrane R.p are frequently associated 
with changes in E^. This is because many K"^ con- 
ductances are active at or near (26). On the other 
hand, changes in Na"^ conductance had little or no visible 
changes in Em or R\„; these passive membrane properties 
are usually unaffected by alterations in Na"^ conduc- 
tances (27). Thus, our data, while supporting the 
hypothesis that estragole inhibits excitability by blocking 
voltage-dependent Na"^ current, gave no indication that 
estragole acts on K"^ channels. The direct action of 
estragole on Na"^ channels indicates that this essential oil 
constituent possesses potent local anesthetic activity 
(28). 

The dependence of excitability inhibition on Na"^ 
current blockade and independence on changes in 
passive electrophysiological parameters shown by estra- 
gole were found for other terpenes and terpenoids like 
thymol (29), linalool (21), eugenol (19,20), carvacrol (17), 
and menthol (30). This is not always the case, however, 



Table 2. Kinetic parameters of total and TTX-R Na"^ current of dorsal root ganglion neurons. 



Parameters Total Na"^ current TTX-R Na"^ current 

(n = 40) (n = 24) 



Capacitance (pF) 




63.7 ± 


3.2 


44.5 


± 


4.7 


Maximum peak current (pA) 




10178.7 ± 


959.5 


4516.0 


± 


811.5* 


Fast decay inactivation constant (Tau fast - 


ms) 


1.1 ± 


0.1 


2.4 


± 


0.2* 


Slow decay inactivation constant (Tau slow 


- ms) 


6.0 ± 


0.7 


10.2 


± 


1.0* 


Time-to-peak (ms) 




1.3 ± 


0.1 


2.4 


db 


0.1* 



Data are reported as means ± SB. TTX-R: tetrodotoxin-resistant. * P<0.05, Student f-test for fast decay inactivation constant and time- 
to-peak, and Mann-Whitney test for maximum peak current and slow decay inactivation constant. 
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Figure 3. Estragole-induced inhibitory effect on total (INa"^ total) and on tetrodotoxin-resistant (INa"^ TTX-R) Na"^ current recorded in 
No and Njpf neurons. Panel A shows concentration-response curves (0.6-14 mM) for the effect of estragole on total Na"^ current and on 
TTX-R Na"^ current. Panels B and C show representative traces of the effects of 4 mM estragole on total {panel B) and TTX-R {panel 
C) Na"^ currents. There was partial recovery with washout. For INa"^ total, the number of experiments was n = 4-12 and for INa"^ TTX- 
R, it was n = 4-5 for each estragole concentration used. 



as 1,8-cineole, a terpenoid, was demonstrated to cause 
depolarization of ttie resting membrane and to blocl< 
excitability, mainly indirectly, via the effect of depolariza- 
tion voltage-dependent Na"^ current activation (31). 

Data from intracellular recordings suggested that the 
mechanism of action of estragole on excitability is that it 
has a direct effect on Na"^ channels. Two distinct Na"^ 
currents can be characterized in different DRG neurons: 
TTX-S and TTX-R. These currents are observed in 
different populations of DRG neurons based on their 
soma diameters (32,33). APs can be triggered solely by 
TTX-S, by TTX-R currents, or by a mixture of both (33- 
35). According to the classification used in this study (No 
and Ninf cells), we expected that No and Njnf cells would 
possess a mixture of TTX-S and TTX-R Na"^ currents, but 
that Ninf cells would have a predominance of TTX-R. 

We observed that Njpf cells had much longer AP 
durations. This increased AP duration may be produced 
by an inward Ca^"^ current that is activated during the AP 
depolarization. It is also a possible contributor to the 
inflection observed on the repolarization limb of the AP 
(35). However, it is worth mentioning that Ca^"^ currents 
cannot promote an AP with the characteristics of No or Njpf 
here described. Our patch-clamp data showed that 
estragole blocked the amplitude of both currents (total 
and TTX-R) with similar IC50 values (3.2 and 3.6 mM for 



TTX-S and TTX-R, respectively; Figure 3), indicating 
similar pharmacological potency. This suggests that 
estragole has no preference for Na"^ current subtypes. 

Besides estragole's effect on the amplitude of Na"^ 
current, it also reduced kinetic parameters of Na"^ current 
(time-to-peak and inactivation time constants; Figure 4). 
At 4 mM (approximately the IC50 for excitability and Na"^ 
current blockade), estragole might have influenced 
neuron excitability via changes in Na"^ current kinetics. 
The kinetic parameters shown in Table 2 are similar to 
those in the literature for the Na"^ currents in DRG 
neurons (33). Also, the reduction in inactivation time 
constants promoted by estragole is in agreement with the 
effects of other terpenes and terpenoids like eugenol (20) 
and menthol (30). 

Estragole possesses several biological and pharma- 
cological activities. The present study adds an additional 
effect - namely, a local anesthetic effect. This new local 
anesthetic effect adds to the list of other pharmacological 
actions of estragole, such as antimicrobial (7), antioxidant 
(8), anti-edematogenic, and anti-inflammatory (13) 
effects, and places this substance as a candidate for 
therapeutic usefulness to treat ulcerations (infected or 
not), for example, and similar illnesses. In addition to 
these activities, one can consider that anethole, with a 
molecular structure very similar to estragole, has been 
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Figure 4. Effects of 4 mM estragole on kinetic parameters of total (INa"*" total) and tetrodotoxin-resistant (INa"*" TTX-R) Na"^ current. 
Panel A shows time-to-peak parameter and panels B and C show fast and slow inactivation time constants. Data are reported as 
means ± SB for n = 5-6. *P<0.05, statistical difference of 4 mM estragole effects on INa"^ total or INa"^ TTX-R compared to control 
(Student f-test). 
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documented to have procicatrizing activity (36). This 
prospect also increases when one tal<es into considera- 
tion recent studies showing that long-lasting per os 
administration of 37.5 mg/kg estragole showed no toxic 
effects (37), suggesting that extracts having estragole as 
the principal constituent, like fennel seed extract, have 
anticancer (for certain types of cancer) and antioxidant 
activities, and radical scavenging potential (38). 

It is noteworthy that the local anesthetic activities of 
estragole may help shed light on the actions of other 
essential oils that contain estragole. For example, the 
essential oil of Croton zehntneri contains estragole and is 
documented to have anti-nociceptive activity (39). It is 
known that part of the inflammatory mechanism is 
mediated through the nervous system, and a local 
anesthetic activity may contribute to the anti-inflammatory 
effect (40). 

Previous studies of our group (16) investigated the 
effects of estragole on myelinated fibers of the sciatic 
nerve with conduction velocity between 40 and 100 m/s; 
myelinated fibers with lower conduction velocities and 
unmyelinated fibers were not recorded. The present 
investigation, using intracellular recordings, investigated 
the effect of estragole on No and Njnf neurons and 
demonstrated that estragole had similar pharmacological 



potency and efficacy in both types of cells. The similar 
actions of estragole on these two types of neurons 
indicate that this terpenoid affects a wide range of axon 
diameters. Nipf represents predominantly A5 afferents and 
C-neurons (slowly conducting fibers that are specified as 
nociceptors), while No represents Aa/p afferent neurons 
(intermediate conducting fibers associated with mechan- 
oreceptors) (22,24,25). Thus, estragole has no preference 
for any particular type of primary sensory afferent axon. 

In conclusion, our data demonstrate that estragole- 
induced blockade of the excitability in peripheral nerves is 
very probably due to a local anesthetic mechanism. Thus, 
estragole may be a potentially useful drug for therapeutic 
use. 
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